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Stern East Readiness Center Renovations

Addendum No. 05

Delaware Army National Reserve Guard (DEARNG)
Wilmington, Delaware

Tt Project No. 213-76984-22003

DEARNG Contract No.: 2021-09R
Addendum No. 05

April 9, 2024

To: ALL BIDDERS

This ADDENDUM forms a part of the BIDDING AND CONTRACT DOCUMENTS and modifies the following documents:
Acknowledge receipt of the ADDENDUM in the space provided on the FORM OF PROPOSAL

This ADDENDUM consists of three (3) pages and the following:

5.1 GENERAL ADMINISTRATIVE DISCUSSION

A. Critical Dates:

1. Bid Due Date: Tuesday, April 16, 2024, @ 1:00 PM. at the Delaware Army National Guard by mail or at the
Security Officers Desk in the Main Lobby of the Biden National Guard/Reserve Center, 1 Vavala Way, New
Castle, Delaware 19720.

2. Cut off for Substitutions: Friday, April 5, 2024, by C.O.B.

3. Cut off for Questions/Clarifications/or Interpretations: Monday, April 8, 2024, by C.O.B.

52 SPECIFICATION MODIFICATIONS:

A. 12 32 16 “Manufactured Plastic-Laminate-Clad Casework”
1. DELETE sub-paragraph 2.2.A.2 in its entirety.

B. 2307 13 “Duct Insulation”
1. REPLACE Spec Section in its entirety with the REVISED one attached to this addendum.

C. 237316.11 “Packaged, Small-Capacity, Rooftop Air-Conditioning Units”

1. REPLACE Spec Section in its entirety with the REVISED one attached to this addendum.
D. 271513 “Communications Copper Horizontal Cabling”

1. DELETE Spec Section in its entirety.

5.3 DRAWING MODIFICATIONS

1. DRAWING A-601 NEW WORK — DOOR SCHEDULE, DOORS & WINDOW TYPES
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5.4

a. DELETE Window Note 4 in its entirety and ADD Window Note “4. Provide window treatment for each
window, door sidelite, and door transom. See specification section 12 24 13 Roller Window Shades.”

QUESTIONS/CLARIFICATIONS

Question No.1:

Response

Question No.2:

Response:

Question No.3:

Response:

Question No.4:

Response:

Question No.5:

Response:

Question No.6:

Response:

Question No.7:

Response:

Question No.8:
Response:

Question No.9:

Response

We are requesting that the AWI Certification Label Requirements waived, not the AWI
Standards. Please confirm.

: Since there is limited casework on the Project the AWI Certification Label Requirement is
waived. Contractor shall still be required to adhere to AWI Standards for the
construction and installation of all casework.

Who holds the current HVAC controls for this building?
Siemens USA.

Please confirm that window types W1 — W5 all receive GL-1 glazing.

Per drawing A-601 Window Notes number 2 “All exterior window glazing to be IGL-1,
typical except for spandrel panel. See Window Note 3 and specification section 08 80 00 for
glazing type schedule.” Also, Window Note 3 "'S™ = spandrel glass panel, see specification
section 08 80 00 for glazing type IGL-2.” Window Type “W5” shows “S” in the top panel.

ES101 shows all of the existing light poles to remain. CC-03 and CC-04 show one existing light
pole to be relocated. Please clarify.
The existing circuit/wire will need to be extended to new location per civil drawings.

Please confirm that the GC owns teledata work.

The Contractor owns infrastructure (pathways) from Drop to Rack including Drop and
Rack. DEARNG/ Government owns rack equipment, data cabling and UPS. Specification
Section 27 15 13 — COMMUNICATIONS COPPER HORIZONTAL CABLING is not
applicable and will be deleted.

There are no callouts for shades on the plans, however they are present in the specs — 122413
Roller Window Shades. Is it safe to assume that the manual shades are required at all exterior

windows, transoms, and sidelites? Will skylight shades be required? Please clarify if shades are
required.

Yes, Roller Window Shades are required at all exterior windows, transoms, and sidelites.
No, skylight shades are not required. See 5.3 Drawing Modifications Item 1 above for
additional information.

Is the door frame style for 126-1 the same as 127-1 and 128-1 (F4)? The frame type is listed as
F2 for 126-1. However, there is a side lite present so F2 does not make sense and the opening is
wider than framing type F4 allows and as shown for 127-1 and 128-1.

Door 126-1 frame type is F-2 is correct and the opening is to be infilled with CMU, so the
masonry opening is 3’-4 wide by 7°-4” high. Doors 127-1 and 128-1 frame type F-4 is
correct, the frame type “see note 14” with a painted hollow metal panel (not sidelite) low
next to the door and a glass transom above.

Plumbing insulation calls for P\VC Jacketing on ALL piping. Concealed or exposed. Is Fiberglass
ASJ acceptable concealed?
Yes, Fiberglass ASJ is acceptable in concealed conditions.

HVAC Insulation calls for exposed duct to be insulated. The ductwork inside is concealed. Can
ductwrap be used on concealed?
: Yes, all ductwork shall be insulated.

Question No.10: Please provide a spec for the outdoor duct insulation.

Response

: See Revised Spec Section 23 07 13 Duct Insulation attached to this addendum.
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Question No.11: Are there any elevations for the bathroom walls on this project?
Response: No elevations are not required, at Toilet Room 102 and 103 the wet wall is the accent tile and
the other three walls are the field tile at the per the Finish Schedule on sheet A-801. All
wall tile is full height in both Toilet Rooms 102 and 103.

Question No.12: How far up do the tiles go and what pattern?
Response: See Question No. 12 response above.

Question No.13: After reviewing the plans, the only question we have is what is the height (floor to ceiling) of the
storage area is. | did not see an elevation view or notes callouts on height. It just states “full
height wire mesh partition system”.

Response: For pricing “full height wire mesh partition system” shall be 18’-0” high. Contractor
selected for construction shall be responsible to confirm existing roof deck and roof
structural steel joist heights to coordinate final full height required for wire mesh partition
system(s).

Question No.14: Keynotes 1 & 2 on DWG T-101 states for CCTV to be at 10'. It shows a non-shaded triangle that
represents (4) Cat6A cables. Please confirm that these locations require (4) Cat6A at each
location.

Response: Provide one RJ45 at each location for CCTV.

Question No0.15: T-101 shows a data rack in IT Room. There is no IT Room detail in T DWGs. Confirm
equipment required for IT Room.
Response: The Contractor owns infrastructure (pathways) from Drop to Rack including Drop and
Rack. DEARNG/ Government owns rack equipment, data cabling and UPS. Specification
Section 27 15 13 — COMMUNICATIONS COPPER HORIZONTAL CABLING is not
applicable and will be deleted.

Question No.16: Spec 27 15 13 - 2.6 Cable Management System--Please provide more details.
Response: Section 27 15 13 — COMMUNICATIONS COPPER HORIZONTAL CABLING is not
applicable and will be deleted.

Question No.17: Is there a required ATC contractor we need to use for this project? If so, can you give us their
contact information?
Response: Siemens USA.

ATTACHMENTS

23 07 13 Duct Insulation
23 73 16.11 Packaged, Small-Capacity, Rooftop Air-Conditioning Units

END OF ADDENDUM No. 5
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DELAWARE ARMY NATIONAL GUARD STERN EAST READINESS CENTER RENOVATIONS
WILMINGTON, DELAWARE DEARNG NO.:2021-09R

SECTION 23 07 13

DUCT INSULATION

PART 1 - GENERAL

11

A.

1.2

13

SUMMARY
Section includes insulating the following duct services:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, exposed return located in unconditioned space.

Indoor, exposed exhaust between isolation damper and penetration of building exterior.
Outdoor, exposed supply and return.

arwdE

Related Requirements:

1. Section 23 07 19 "HVAC Piping Insulation."
2. Section 23 31 13 "Metal Ducts" for duct liners.

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor
permeance thickness, and jackets (both factory- and field-applied if any).

Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

1. Detail application of protective shields, saddles, and inserts at hangers for each type of
insulation and hanger.

2. Detail insulation application at elbows, fittings, dampers, specialties and flanges for each

type of insulation.

Detail application of field-applied jackets.

4. Detail application at linkages of control devices.

w

INFORMATIONAL SUBMITTALS

Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testing agency acceptable to authorities having
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation
materials, sealers, attachments, cements, and jackets, with requirements indicated. Include dates
of tests and test methods employed.

Field quality-control reports.

Tetra Tech DUCT INSULATION
213-76984-22003 Amended by Addendum No.5 22307 13-1



STERN EAST READINESS CENTER RENOVATIONS DELAWARE ARMY NATIONAL GUARD

DEARNG NO.: 2020-09R WILMINGTON, DELAWARE
1.4 QUALITY ASSURANCE

A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship
program or craft training program, certified by the Department of Labor, Bureau of
Apprenticeship and Training.

15 DELIVERY, STORAGE, AND HANDLING

A. Packaging: Insulation material containers are to be marked with the manufacturer's name,

appropriate ASTM standard designation, type and grade, and maximum use temperature.
1.6 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 23 05 29 "Hangers and Supports for HVAC Piping and Equipment.”

B. Coordinate clearance requirements with duct Installer for duct insulation application. Before
preparing ductwork Shop Drawings, establish and maintain clearance requirements for
installation of insulation and field-applied jackets and finishes and for space required for
maintenance.

1.7 SCHEDULING
A. Schedule insulation application after pressure testing systems and, where required, after

installing and testing heat tracing. Insulation application may begin on segments that have
satisfactory test results.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS
A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products in accordance with ASTM E84, by a testing agency acceptable to authorities
having jurisdiction. Factory label insulation, jacket materials, adhesive, mastic, tapes, and
cement material containers with appropriate markings of applicable testing agency.
1. All Insulation Installed Indoors and Outdoors: Flame-spread index of 25 or less, and
smoke-developed index of 50 or less.
2.2 INSULATION MATERIALS
A. Comply with requirements in "Duct Insulation Schedule, General,” "Indoor Duct and Plenum
Insulation Schedule,"” and "Aboveground, Outdoor Duct and Plenum Insulation Schedule"
articles for where insulating materials are to be applied.
B.  Products do not contain asbestos, lead, mercury, or mercury compounds.
DUCT INSULATION Tetra Tech
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DELAWARE ARMY NATIONAL GUARD STERN EAST READINESS CENTER RENOVATIONS
WILMINGTON, DELAWARE DEARNG NO.:2021-09R

C. Products that come in contact with stainless steel have a leachable chloride content of less than
50 ppm when tested in accordance with ASTM C871.

D. Foam insulation materials do not use CFC or HCFC blowing agents in the manufacturing
process.

E. Glass-Fiber Blanket and Board Insulation: Glass fibers bonded with a thermosetting resin;
suitable for maximum use temperature between 35 deg F and 250 deg F for jacketed and
between 35 deg F and 450 deg F for unfaced in accordance with ASTM C411. Comply with
ASTM C612, Type IA or Type IB. For duct and plenum applications, provide insulation with
factory-applied ASJ. Factory-applied jacket requirements are specified in "Factory-Applied
Jackets" Avrticle.

CertainTeed; SAINT-GOBAIN.

Johns Manville; a Berkshire Hathaway company.
Knauf Insulation.

Manson Insulation Inc.

Owens Corning

o0 o

2.3 ADHESIVES

A. Materials are compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.

B. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for
bonding insulation jacket lap seams and joints.

Childers Brand; H. B. Fuller Construction Products.
Eagle Bridges - Marathon Industries.

Foster Brand; H. B. Fuller.

Mon-Eco Industries, Inc.

cooe

C. PVC Jacket Adhesive: Compatible with PVC jacket.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Dow Consumer Solutions.

Johns Manville; a Berkshire Hathaway company.
P.1.C. Plastics, Inc.

Proto Corporation.

Sekisui Voltek, LLC.

Speedline Corporation.

~Do 00T

2.4 MASTICS AND COATINGS
A. Materials are compatible with insulation materials, jackets, and substrates.

B. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.

Tetra Tech DUCT INSULATION
213-76984-22003 Amended by Addendum No.5 22307 13-3
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STERN EAST READINESS CENTER RENOVATIONS DELAWARE ARMY NATIONAL GUARD

DEARNG NO.: 2020-09R WILMINGTON, DELAWARE
1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Eagle Bridges - Marathon Industries.
C. Foster Brand; H. B. Fuller.
d. Knauf Insulation.
e. Mon-Eco Industries, Inc.
f. Vimasco Corporation.

2.5

2.6

2. Water-Vapor Permeance: ASTM E96/E96M, greater than 1.0 perm at manufacturer's
recommended dry film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

4. Color: White.

w

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C, Class I, Grade A and are compatible with insulation
materials, jackets, and substrates.

Childers Brand; H. B. Fuller Construction Products.
Eagle Bridges - Marathon Industries.
Foster Brand; H. B. Fuller.
Knauf Insulation.
Mon-Eco Industries, Inc.
f. Vimasco Corporation.
2. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over duct insulation.
Service Temperature Range: O to plus 180 deg F.
4. Color: White.

o0 o

w

SEALANTS
ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants:

a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.

Materials are compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

abrwn

Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C1136, Type II.

DUCT INSULATION Tetra Tech
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DELAWARE ARMY NATIONAL GUARD STERN EAST READINESS CENTER RENOVATIONS

WILMINGTON, DELAWARE DEARNG NO.:2021-09R
2.7 FIELD-APPLIED JACKETS
A. Metal Jacket:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a. Johns Manville; a Berkshire Hathaway company.
b. RPR Products, Inc.

2. Aluminum Jacket: Comply with ASTM B209, Alloy 3003, 3005, 3105, or 5005,
Temper H-14.
a. Sheet and roll stock ready for shop or field sizing.
b. Finish and thickness are indicated in field-applied jacket schedules.

2.8 TAPES
A. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;

complying with ASTM C1136.
a. 3M Industrial Adhesives and Tapes Division.
b. Avery Dennison Corporation, Specialty Tapes Division.
C. Ideal Tape Co., Inc., an American Biltrite Company.
d. Knauf Insulation.

2. Width: 3 inches.

3. Thickness: 6.5 mils.

4. Adhesion: 90 ounces force/inch.

5. Elongation: 2 percent.

6. Tensile Strength: 40 Ibf/inch in width.

7. FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

2.9 SECUREMENTS
A. Insulation Pins and Hangers:

1. Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed for
capacitor-discharge welding, 0.106-inch-diameter shank, length to suit depth of insulation
indicated.

1) AGM Industries, Inc.
2) Gemco.

3) Midwest Fasteners, Inc.
4) Nelson Stud Welding.

2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully
annealed for capacitor-discharge welding, 0.106-inch-diameter shank, length to suit depth
of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer.

Tetra Tech DUCT INSULATION
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STERN EAST READINESS CENTER RENOVATIONS DELAWARE ARMY NATIONAL GUARD
DEARNG NO.: 2020-09R WILMINGTON, DELAWARE

1) AGM Industries, Inc.

2) CL WARD & Family Inc.
3)  Gemco.

4) Midwest Fasteners, Inc.
5) Nelson Stud Welding.

3. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-thick,
galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in
place but not less than 1-1/2 inches in diameter.

1)  AGM Industries, Inc.
2)  Gemco.
3) Midwest Fasteners, Inc.
4)  Nelson Stud Welding.
b. Protect ends with capped self-locking washers incorporating a spring steel insert to
ensure permanent retention of cap in exposed locations.

4. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
thick nylon sheet, with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.

1)  Gemco.
2) Midwest Fasteners, Inc.
2.10 CORNER ANGLES
A. PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC in accordance with
ASTM D1784, Class 16354-C. White or color-coded to match adjacent surface.
PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.

DUCT INSULATION Tetra Tech
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DELAWARE ARMY NATIONAL GUARD STERN EAST READINESS CENTER RENOVATIONS
WILMINGTON, DELAWARE DEARNG NO.:2021-09R

3.3

A.

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of ducts and fittings.

Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for
each item of duct system as specified in insulation system schedules.

Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, compress, or otherwise damage insulation or jacket.

Install insulation with longitudinal seams at top and bottom of horizontal runs.
Install multiple layers of insulation with longitudinal and end seams staggered.

Keep insulation materials dry during application and finishing. Replace insulation materials that
get wet during storage or in the installation process before being properly covered and sealed in
accordance with Contract Documents.

Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

Install insulation with least number of joints practical.

Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth, but not to the extent of creating wrinkles or areas of
compression in the insulation.

2. Cover circumferential joints with 3-inch-wide strips of same material as insulation jacket.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive
self-sealing lap.

4. Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at
ends adjacent to duct flanges and fittings.

Tetra Tech DUCT INSULATION
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STERN EAST READINESS CENTER RENOVATIONS DELAWARE ARMY NATIONAL GUARD

DEARNG NO.: 2020-09R WILMINGTON, DELAWARE

L. Cutinsulation in a manner to avoid compressing insulation.

M. Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

N. Repair damaged insulation facings by applying same facing material over damaged areas.
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar
to butt joints.

3.4 PENETRATIONS

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof
penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation above roof surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of
roof flashing.

4, Seal jacket to roof flashing with flashing sealant.

B. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation
continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at
least 2 inches.

4. Seal jacket to wall flashing with flashing sealant.

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire
damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper sleeves
to match adjacent insulation and overlap duct insulation at least 2 inches.

1. Comply with requirements in Section 07 84 13 "Penetration Firestopping."

3.5 INSTALLATION OF GLASS-FIBER

A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

B.  Comply with manufacturer's written installation instructions.

DUCT INSULATION Tetra Tech
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DELAWARE ARMY NATIONAL GUARD STERN EAST READINESS CENTER RENOVATIONS
WILMINGTON, DELAWARE DEARNG NO.:2021-09R

1.

2.

Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each

way, and 3 inches maximum from insulation joints. Install additional pins to hold

insulation tightly against surface at cross bracing.

Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not over compress insulation during installation.

Impale insulation over pins and attach speed washers.

Cut excess portion of pins extending beyond speed washers or bend parallel with

insulation surface. Cover exposed pins and washers with tape matching insulation

facing.

-~ a0

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment. Install
vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic,
and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops consist of vapor-barrier mastic applied in a Z-shaped pattern
over insulation face, along butt end of insulation, and over the surface. Cover
insulation face and surface to be insulated a width equal to two times the insulation
thickness, but not less than 3 inches.

Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.

Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Install insulation on round and flat-oval duct elbows with individually
mitered gores cut to fit the elbow.

Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch-wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

C. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1.

2.

Tetra Tech

Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

DUCT INSULATION
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3.6

3.7

3.

Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as
follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each

way, and 3 inches maximum from insulation joints. Install additional pins to hold

insulation tightly against surface at cross bracing.

Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not over compress insulation during installation.

e. Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching insulation
facing.

oo

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create a facing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment. Install
vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic,
and sealant at joints, seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops consist of vapor-barrier mastic applied in a Z-shaped pattern
over insulation face, along butt end of insulation, and over the surface. Cover
insulation face and surface to be insulated a width equal to two times the insulation
thickness, but not less than 3 inches.

Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Groove and score insulation to fit as closely as possible to outside and
inside radius of elbows. Install insulation on round and flat-oval duct elbows with
individually mitered gores cut to fit the elbow.

Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch-wide strips of same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

FIELD-APPLIED JACKET INSTALLATION

Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and end

joints. Overlap longitudinal seams arranged to shed water. Seal end joints with weatherproof

sealant recommended by insulation manufacturer. Secure jacket with stainless steel bands 12
inches o.c. and at end joints.

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to perform tests and inspections.

DUCT INSULATION Tetra Tech
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B. Perform tests and inspections.
C. Tests and Inspections:

1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and
insulation in layers in reverse order of their installation. Extent of inspection is limited to
one location(s) for each duct system defined in the "Duct Insulation Schedule, General"
Acrticle.

D. All insulation applications will be considered defective Work if sample inspection reveals
noncompliance with requirements.

3.8 DUCT INSULATION SCHEDULE, GENERAL
A. Plenums and Ducts Requiring Insulation:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditioned space.

Indoor, exposed return located in unconditioned space.

Indoor, concealed exhaust between isolation damper and penetration of building exterior.
Indoor, exposed exhaust between isolation damper and penetration of building exterior.
Outdoor, exposed supply and return.

Nook~wdE

B. Items Not Insulated:
1. Factory-insulated flexible ducts.
2. Flexible connectors.
3. Vibration-control devices.
4, Factory-insulated access panels and doors.

3.9 INDOOR DUCT INSULATION SCHEDULE

A. Concealed, round and flat-oval, supply and return-air duct insulation is the following:
1. Glass-Fiber Blanket: 1-1/2 inches thick and 0.75 Ib/cu. ft.

B. Concealed, rectangular, supply-air duct insulation is the following:
1. Glass-Fiber Blanket: 1-1/2 inches thick and 0.75 Ib/cu. ft. nominal density.

C. Exposed, rectangular, supply and return-air duct insulation is the following:
1. Glass-Fiber Blanket: 1-1/2 inches thick and 0.75 Ib/cu. ft.
3.10 ABOVEGROUND, OUTDOOR DUCT INSULATION SCHEDULE

A. Insulation materials and thicknesses are identified below. If more than one material is listed for
a duct system, selection from materials listed is Contractor's option.

B. Exposed, rectangular, supply and return-air duct insulation is the following:

1. Glass-Fiber Board: 2 inches thick and 2 Ib/cu. ft. nominal density.

Tetra Tech DUCT INSULATION
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3.11 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE

A. Install jacket over insulation material. For insulation with factory-applied jacket, install the
field-applied jacket over the factory-applied jacket.

B. If more than one material is listed, selection from materials listed is Contractor's option.
C. Ducts, Exposed, up to 48 Inches in Diameter or with Flat Surfaces up to 72 Inches:

1. Aluminum, Stucco Embossed: 0.020 inch thick.

END OF SECTION

DUCT INSULATION Tetra Tech
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SECTION 2374 16.11

PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS

PART 1 - GENERAL

11 SUMMARY

A.  Section Includes: Packaged, small-capacity, rooftop air-conditioning units (RTUs) with the
following components:

Boo~Nour~LOE

Unit casings.

Fans, drives, and motors.
Coils.

Refrigerant circuit components.
Air filtration.

Gas furnaces.

Dampers.

Electrical power connections.
Controls.

Accessories.

1.2 DEFINITIONS

A.  RTU: Rooftop unit. As used in this Section, this abbreviation means packaged, small-capacity,
rooftop air-conditioning units. This abbreviation is used regardless of whether the unit is
mounted on the roof or on a concrete base on ground.

13 ACTION SUBMITTALS

A. Product Data: For each RTU.

1.

2.

3.
4.
5

©ooNo

Tetra Tech

Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes.

Include rated capacities, dimensions, required clearances, characteristics, and furnished
specialties and accessories.

Include unit dimensions and weight.

Include cabinet material, metal thickness, finishes, insulation, and accessories.

Fans:

a. Include certified fan-performance curves with system operating conditions
indicated.

b. Include certified fan-sound power ratings.

C. Include fan construction and accessories.

d. Include motor ratings, electrical characteristics, and motor accessories.

Include certified coil-performance ratings with system operating conditions indicated.
Include filters with performance characteristics.

Include gas furnaces with performance characteristics.

Include dampers, including housings, linkages, and operators.

PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS
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B.  Shop Drawings: For each packaged, small-capacity, rooftop air-conditioning unit.

1. Include plans, elevations, sections, and mounting details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Include diagrams for power, signal, and control wiring.

1.4 INFORMATIONAL SUBMITTALS
A. Coordination Drawings: Floor plans and other details, or BIM model, drawn to scale, showing
the items described in this Section, and coordinated with all building trades.
B.  Sample Warranty: For manufacturer's warranty.
C.  Product Certificates: Submit certification that specified equipment will withstand wind forces
identified in "Performance Requirements" Article and in Section 23 05 48.13 "Vibration
Controls for HVAC."
1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculations.
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of wind force and
locate and describe mounting and anchorage provisions.
3. Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.
D.  Source quality-control reports.
E. System startup reports.
F. Field quality-control reports.
15 CLOSEOUT SUBMITTALS
A. Operation and Maintenance Data: For RTUs to include in emergency, operation, and
maintenance manuals.
1.6 MAINTENANCE MATERIAL SUBMITTALS
A.  Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.
1. Filters: three sets of filters for each unit.
2. Gaskets: One set for each access door.
3. Fan Belts: Two sets for each belt-driven fan.
1.7 WARRANTY
A.  Warranty: Manufacturer agrees to repair or replace components of packaged, small-capacity,
rooftop air-conditioning unit that fail in materials or workmanship within specified warranty
period.
PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS Tetra Tech
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1. Warranty Period: Two years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

2.2

2.3

A.

PERFORMANCE REQUIREMENTS

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
an NRTL, and marked for intended location and application.

NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of RTUs
and components.

ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems
and Equipment" and Section 7 - "Construction and Startup.”

ASHRAE 15 Compliance: For refrigeration system safety.

ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6 -
"Heating, Ventilating, and Air-Conditioning."

UL Compliance: Comply with UL 1995.

PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS

Manufacturers: Subject to compliance with requirements, provide products by one of the

following:

1. Daikin Applied.

2. Trane.

3. YORK; brand of Johnson Controls International plc, Building Solutions North America.
Basis of Design.

UNIT CASINGS

General Fabrication Requirements for Casings: Formed and reinforced insulated panels,
fabricated to allow removal for access to internal parts and components, with joints between
sections sealed.

Double-Wall Construction:
1. Outside Casing Wall: Galvanized steel, minimum 18 gauge thick with manufacturer's
standard finish, with pitched roof panels and knockouts with grommet seals for electrical
and piping connections and lifting lugs.
Floor Plate: G90 galvanized steel, minimum 18 gauge thick.
3. Casing Insulation:

a. Materials: Injected polyurethane foam insulation.

b. Insulation Thickness: 2 inches.

C. Thermal Break: Provide continuity of insulation with no through-casing metal in

casing walls, floors, or roof of unit.

N

Tetra Tech PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS
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C.

Airstream Surfaces: Surfaces in contact with airstream to comply with requirements in
ASHRAE 62.1.

D.  Static-Pressure Classifications:

1. For Unit Sections Upstream of Fans: Minus 2-inch wg.

2. For Unit Sections Downstream and Including Fans: 2-inch wg.
E. Doors:

1. Access Doors:

a. Hinges: A minimum of two ball-bearing hinges or stainless-steel piano hinge and
two wedge-lever-type latches, operable from inside and outside. Arrange doors to
be opened against air-pressure differential.

b. Gasket: Neoprene, applied around entire perimeters of panel frames.

C. Size: Large enough to allow inspection and maintenance of air-handling unit's
internal components.

2. Locations and Applications:

a. Fan Section: Doors.

b. Access Section: Doors.

C. Coil Section: Inspection and access panels.

d. Damper Section: Doors.

e. Filter Section: Doors large enough to allow periodic removal and installation of
filters.

f. Mixing Section: Doors.

F. Condensate Drain Pans:

1. Location: Each type of cooling coil.

2. Construction:

a. Single-wall, stainless steel sheet or composite.

3. Drain Connection:

a. Located at lowest point of pan and sized to prevent overflow. Terminate with
threaded nipple on one end of pan.

b. Minimum Connection Size: NPS 1.

4. Slope: Minimum 0.125-in./ft slope, to comply with ASHRAE 62.1, in at least two planes
to collect condensate from cooling coils (including coil piping connections, coil headers,
and return bends) and from humidifiers and to direct water toward drain connection.

5. Length: Extend drain pan downstream from leaving face for distance to comply with
ASHRAE 62.1.

6. Width: Entire width of water producing device.

7. Depth: A minimum of 2 inches deep.

8. Units with stacked coils must have an intermediate drain pan to collect condensate from
top coil.

2.4 FANS, DRIVES, AND MOTORS
A.  Fan and Drive Assemblies: Statically and dynamically balanced and designed for continuous
operation at maximum-rated fan speed and motor horsepower.
B.  Supply-Air Fans: Centrifugal, rated according to AMCA 210; galvanized or painted steel;
mounted on solid-steel shaft.

1. Shafts: With field-adjustable alignment.

PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS Tetra Tech
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a. Turned, ground, and polished hot-rolled steel with keyway.

Shaft Bearings:

a. Heavy-duty, self-aligning, pillow-block type with an L-50 rated life of minimum
100,000 hours according to ABMA 9.

Housings: Formed- and reinforced-steel panels to form curved scroll housings with

shaped cutoff and spun-metal inlet bell.

a. Bracing: Steel angle or channel supports for mounting and supporting fan scroll,
wheel, motor, and accessories.

Centrifugal Fan Wheels: Inlet flange, backplate, and shallow blades with inlet and tip

curved forward in direction of airflow and mechanically fastened to flange and backplate;

steel or aluminum hub swaged to backplate and fastened to shaft with setscrews.

Mounting: For internal vibration isolation. Factory-mount fans with manufacturer's

standard restrained vibration isolation mounting devices having a minimum static

deflection of 1 inch.

Shaft Lubrication Lines; Extended to a location outside the casing.

Flexible Connector: Factory fabricated with a fabric strip minimum 3-1/2 inches wide,

attached to two strips of minimum 2-3/4-inch-wide by 0.028-inch-thick, galvanized-steel

sheet.

a. Flexible Connector Fabric: Glass fabric, double coated with neoprene. Fabrics,
coatings, and adhesives to comply with UL 181, Class 1.

C. Drives, Belt: Factory-mounted, VV-belt drive, with adjustable alignment and belt tensioning, and
with 1.5 service factor based on fan motor.

1.

2.
3.

Pulleys: Cast iron or cast steel with split, tapered bushing, dynamically balanced at the
factory.

Belts: Qil resistant, non-sparking and non-static; in matched sets for multiple-belt drives.
Belt Guards: Comply with requirements specified by OSHA and fabricate according to
SMACNA's "HVAC Duct Construction Standards"; 0.146-inch-thick, 3/4-inch diamond-
mesh wire screen, welded to steel angle frame; prime coated.

D.  Condenser-Coil Fan: Variable-speed propeller, mounted on shaft of permanently lubricated

ECM motors.
E. Motors:

1. Comply with NEMA designation, temperature rating, service factor, and efficiency
requirements for motors specified in Section 23 05 13 "Common Motor Requirements for
HVAC Equipment.”

2. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.

3. Enclosure Type: Totally enclosed, fan cooled.

4. Enclosure Materials: Cast iron. Efficiency: Premium efficient as defined in
NEMA MG 1.

5. Motor Pulleys: Adjustable pitch for use with 5-hp motors and smaller; fixed pitch for use
with motors larger than 5 hp. Select pulley size so pitch adjustment is at the middle of
adjustment range at fan design conditions.

6. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical
devices and connections specified in electrical Sections.

Tetra Tech PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS
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2.5 COILS
A.  General Requirements for Coils:

1. Comply with AHRI 410.

2. Fabricate coils section to allow for removal and replacement of coil for maintenance and
to allow in-place access for service and maintenance of coil(s).

3. Coils to not act as structural component of unit.

B.  Supply-Air Refrigerant Coil:
1. Tubes: Copper.
2. Fins:
a. Material: Aluminum.
b. Fin Spacing: Maximum 10 fins per inch.
3. Fin and Tube Joints: Mechanical bond.
4, Headers: Seamless-copper headers with brazed connections.
5. Frames: Stainless steel.
6. Coatings: None.
7. Ratings: Designed, tested, and rated according to ASHRAE 33 and AHRI 410.
a. Working Pressure: Minimum 300 psig.
2.6 REFRIGERANT CIRCUIT COMPONENTS
A.  Compressor: Hermetic, variable-speed scroll, mounted on vibration isolators; with internal
overcurrent and high-temperature protection, internal pressure relief, and crankcase heater.
B.  Refrigeration Specialties:
1. Expansion valve with replaceable thermostatic element.
2. Refrigerant filter/dryer.
3. Manual-reset high-pressure safety switch.
4, Automatic-reset low-pressure safety switch.
5. Minimum off-time relay.
6. Automatic-reset compressor motor thermal overload.
7. Brass service valves installed in compressor suction and liquid lines.
8. Low-ambient kit high-pressure sensor.
2.7 GAS FURNACES
A.  Description: Factory assembled, piped, and wired; complying with ANSI Z21.47/CSA 2.3 and
NFPA 54.
B.  CSA Approval: Designed and certified by and bearing label of CSA.
C. Burners: Stainless steel.
1. Rated Minimum Turndown Ratio: 10 to 1.
2. Fuel: Natural gas.
3. Ignition: Electronically controlled electric spark or hot-surface igniter with flame sensor.
4. Gas Control Valve: Two stage.
5. Gas Train: Single-body, regulated, redundant, 24-V ac gas valve assembly containing
pilot solenoid valve, pilot filter, pressure regulator, pilot shutoff, and manual shutoff.
PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS Tetra Tech
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D.  Heat-Exchanger and Drain Pan: Stainless steel.
E.  Venting, Gravity: Gravity vented with vertical extension.
F. Venting, Power: Power vented, with integral, motorized centrifugal fan interlocked with gas
valve with vertical extension.
G.  Safety Controls:
1. Gas Manifold: Safety switches and controls complying with ANSI standards and FM
Global.
2.8 DAMPERS

A.  Outdoor- and Return-Air Dampers: Low-leakage, double-skin, airfoil-blade, galvanized-steel
dampers with compressible jamb seals and extruded-vinyl blade edge seals in opposed-blade
arrangement with zinc-plated steel operating rods rotating in sintered bronze or nylon bearings
mounted in a single galvanized-steel frame, and with operating rods connected with a common
linkage. Leakage rate must not exceed 4 cfm/sq. ft. at 1-inch wg and 8 cfm/sq. ft. at 4-inch wg
rated in accordance with AMCA 500D.

B.  Electronic Damper Operators:
1. Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated torque.
2. Electronic damper position indicator to have visual scale indicating percent of travel and

2- to 10-V dc, feedback signal.

3. Operator Motors:

a. Comply with NEMA designation, temperature rating, service factor, enclosure
type, and efficiency requirements for motors specified in Section 23 05 13
"Common Motor Requirements for HVAC Equipment.”

b. Size to operate with sufficient reserve power to provide smooth modulating action
or two-position action.

C. Permanent Split-Capacitor or Shaded-Pole Type: Gear trains completely oil
immersed and sealed. Equip spring-return motors with integral spiral-spring
mechanism in housings designed for easy removal for service or adjustment of
limit switches, auxiliary switches, or feedback potentiometer.

4. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft.: Size for running and
breakaway torque of 150 in. x Ibf.
5. Size dampers for running torque calculated as follows:

a. Opposed-Blade Damper with Edge Seals: 5 inch-1b/sg. ft. of damper.

b. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 to 2500
fpm: Increase running torque by 1.5.

6. Coupling: V-bolt and V-shaped, toothed cradle.

7. Overload Protection: Electronic overload or digital rotation-sensing circuitry.

8. Fail-Safe Operation: Mechanical, spring-return mechanism with external, manual gear
release on non-spring-return actuators.

9. Power Requirements (Two-Position Spring Return): 24 V dc or 120 V ac.

10.  Power Requirements (Modulating): Maximum 10 VA at 24 V ac or 8 W at 24 V dc.

11. Proportional Signal: 2 to 10 V dc or 4 to 20 mA, and 2- to 10-V dc position feedback
signal.

12.  Temperature Rating: Minus 22 to plus 122 deg F.

13.  Run Time: 12 seconds open, 5 seconds closed.

Tetra Tech PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS
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2.9 ELECTRICAL POWER CONNECTIONS
A. RTU to have a single connection of power to unit with unit-mounted disconnect switch
accessible from outside unit and control-circuit transformer with built-in overcurrent protection.
2.10 CONTROLS
A.  Control equipment and sequence of operation.
B. Basic Unit Controls:
1. Control-voltage transformer.
2. Wall-mounted thermostat or sensor with the following features:

a. Heat-cool-off switch.

b. Fan on-auto switch.

C. Fan-speed switch.

d. Adjustable deadband.

e. Concealed set point.

f. Concealed indication.

g. Degree F indication.

h. Unoccupied-period-override push button.

i. Data entry and access port to input temperature set points, occupied and
unoccupied periods, and output room temperature, supply-air temperature,
operating mode, and status.

3. Annunciator Panel for Each Unit:

a. Configuration: Unit-mounted.

b. Lights to indicate power on, cooling, heating, fan running, filter dirty, and unit
alarm or failure.

C. DDC controller or programmable timer and interface with HVAC instrumentation
and control system.

d. Digital display of outdoor-air temperature, supply-air temperature, return-air
temperature, economizer damper position, indoor-air quality, and control
parameters.

C.  Controller:
1. Type: DDC.
2. Controller to have volatile-memory backup.
3. Safety Control Operation:

a. Smoke Detectors: Stop fan and close outdoor-air damper if smoke is detected.
Provide additional contacts for alarm interface to fire-alarm control panel.

b. Firestats: Stop fan and close outdoor-air damper if air greater than 130 deg F enters
unit. Provide additional contacts for alarm interface to fire-alarm control panel.

C. Fire-Alarm Control Panel Interface: Provide control interface to coordinate with
operating sequence described in Section 28 46 21.11 "Addressable Fire-Alarm
Systems."

d. Low-Discharge Temperature: Stop fan and close outdoor-air damper if supply-air
temperature is less than 40 deg F.

4. Scheduled Operation: Occupied and unoccupied periods on 365-day clock with a
minimum of four programmable periods per day.
5. Unoccupied Period:

a. Heating Setback: 10 deg F.

PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS Tetra Tech
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b. Cooling Setback:10 deg. F.

C. Override Operation: Two hours.

Supply Fan Operation:

a. Occupied Periods: Run fan continuously.

b. Unoccupied Periods: Cycle fan to maintain setback temperature.

Refrigerant Circuit Operation:

a. Occupied Periods: Cycle or stage compressors output to cooling load to maintain
discharge temperature. Cycle condenser fans to maintain maximum hot-gas
pressure. Operate low-ambient control kit to maintain minimum hot-gas pressure.

b. Unoccupied Periods: Cycle compressors and condenser fans to maintain setback
temperature.

Gas Furnace Operation:

a. Occupied Periods: Modulate burner to maintain discharge temperature.

b. Unoccupied Periods: Cycle burner to maintain setback temperature.

Economizer Outdoor-Air Damper Operation:

a. Morning warm-up cycles.

b. Occupied Periods: Open to 10 percent fixed minimum intake, and maximum 100
percent of the fan capacity. Controller is to permit air-side economizer operation
when outdoor air is less than 60 deg F. Use mixed-air temperature and select
between outdoor-air and return-air enthalpy to adjust mixing dampers. Barometric
relief-air damper. During economizer cycle operation, lock out cooling.

C. Unoccupied Periods: Close outdoor-air damper and open return-air damper.

d. Outdoor-Airflow Monitor: Accuracy maximum plus or minus 5 percent within 15
and 100 percent of total outdoor air. Monitor microprocessor to adjust for
temperature, and output to range from 2- to 10-V dc.

Carbon Dioxide Sensor Operation:

a. Occupied Periods: Reset minimum outdoor-air ratio down to minimum 10 percent
to maintain maximum 1000-ppm concentration.

b. Unoccupied Periods: Close outdoor-air damper and open return-air damper.

D. Interface Requirements for HVAC Instrumentation and Control System:

1.
2.

3.

Tetra Tech

Interface relay for scheduled operation.

Interface relay to provide indication of fault at the central workstation and diagnostic
code storage.

Provide BACnet compatible interface for central HVAC control workstation for the
following:

a. Adjusting set points.

b. Monitoring supply fan start, stop, and operation.

c. Inquiring data to include outdoor-air damper position, supply- and room-air
temperature and humidity.

Monitoring occupied and unoccupied operations.

Monitoring constant and variable motor loads.

Monitoring variable-frequency drive operation.

Monitoring cooling load.

Monitoring economizer cycles.

Monitoring air-distribution static pressure and ventilation air volume.

—SQ oo
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2.11 ACCESSORIES
A.  Duplex, 115-V, ground-fault-interrupter outlet with 15-A overcurrent protection. Include
transformer if required. Outlet is to be energized even if the unit main disconnect is open.
B.  Filter differential pressure switch with sensor tubing on either side of filter. Set for final filter
pressure loss.
C.  Safeties:
1. Smoke detector.
2 Condensate overflow switch.
3. Phase-loss reversal protection.
4. High and low pressure control.
5 Gas furnace airflow-proving switch.
D.  Coil guards of painted, galvanized-steel wire.
E. Hail guards of galvanized steel, painted to match casing.
F. Concentric diffuser with white louvers and polished aluminum return grilles, insulated diffuser
box with mounting flanges, and interior transition.
G.  Door switches to disable heating or reset set point when open.
H.  Outdoor-air intake weather hood.
. Oil separator.
2.12 MATERIALS
A.  Steel:
1. ASTM A36/A36M for carbon structural steel.
2. ASTM A568/A568M for steel sheet.
B.  Stainless Steel:
1. Manufacturer's standard grade for casing.
2. Manufacturer's standard type, ASTM A240/A240M for bare steel exposed to airstream or
moisture.
C.  Galvanized Steel: ASTM A653/A653M.
D.  Aluminum: ASTM B209.
E.  Corrosion-Resistant Coating: Coat with a corrosion-resistant coating capable of withstanding a
3000-hour salt-spray test according to ASTM B117.
1. Standards:
a. ASTM B117 for salt spray.
b. ASTM D2794 for minimum impact resistance of 100 in-Ib.
C. ASTM B3359 for cross-hatch adhesion of 5B.
2. Application: Spray.
3. Thickness: 1 mil.
PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS Tetra Tech
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4. Gloss: Minimum gloss of 60 on a 60-degree meter.

2.13 SOURCE QUALITY CONTROL

A.  AHRI Compliance:
1. Comply with AHRI 210/240 for testing and rating energy efficiencies for RTUs.
2. Comply with AHRI 340/360 for testing and rating energy efficiencies for RTUs.
3. Comply with AHRI 270 for testing and rating sound performance for RTUSs.
4. Comply with AHRI 1060 for testing and rating performance for air-to-air exchanger.

B. AMCA Compliance:
1. Comply with AMCA 11 and bear the AMCA-Certified Ratings Seal for air and sound
performance according to AMCA 211 and AMCA 311.

2. Damper leakage tested according to AMCA 500-D.
3. Operating Limits: Classify according to AMCA 99.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting performance of RTUS.

B.  Examine roughing-in for RTUs to verify actual locations of piping and duct connections before
equipment installation.

C.  Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A.  Unit Support: Install unit level on structural steel supports. Coordinate wall penetrations and
flashing with wall construction. Secure RTUs to structural support with anchor bolts.

B.  Equipment Mounting:
1. Install RTUs on cast-in-place concrete equipment bases. Comply with requirements for
equipment bases and foundations specified in Section 03 30 00 "Cast-in-Place Concrete."
2. Comply with requirements for vibration isolation devices specified in
Section 23 05 48.13 "Vibration Controls for HVAC."
3.3 PIPING CONNECTIONS

A.  Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

B.  Where installing piping adjacent to RTU, allow space for service and maintenance.

C.  Connect piping to unit mounted on vibration isolators with flexible connectors.

Tetra Tech PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS
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D.

Connect condensate drain pans using NPS 1-1/4, ASTM B88, Type M copper tubing. Extend to
nearest equipment drain. Construct deep trap at connection to drain pan and install cleanouts at
changes in direction.

E.  Gas Piping: Comply with applicable requirements in Section 23 11 23 "Facility Natural-Gas
Piping." Connect gas piping to burner, full size of gas train inlet, and connect with union and
shutoff valve with sufficient clearance for burner removal and service.

F. Refrigerant Piping: Comply with applicable requirements. Install shutoff valve and union or
flange at each supply and return connection.

3.4 DUCT CONNECTIONS
A.  Comply with duct installation requirements specified in other HVAC Sections. Drawings
indicate general arrangement of ducts. The following are specific connection requirements:
1. Install ducts to termination at wall.
2. Remove wall structure only as required for passage of ducts.
3. Connect supply ducts to RTUs with flexible duct connectors specified in
Section 23 33 00 "Air Duct Accessories."
4, Install return-air duct continuously through wall structure.
3.5 ELECTRICAL CONNECTIONS

A.  Connect electrical wiring according to Section 26 0519 "Low-Voltage Electrical Power
Conductors and Cables."

B.  Ground equipment according to Section 26 0526 "Grounding and Bonding for Electrical
Systems."

C. Install electrical devices furnished by manufacturer, but not factory mounted, according to
NFPA 70 and NECA 1.

D. Install nameplate for each electrical connection, indicating electrical equipment designation and
circuit number feeding connection.

1. Nameplate is to be laminated acrylic or melamine plastic signs as specified in Section
26 05 53 "ldentification for Electrical Systems."
2. Nameplate is to be laminated acrylic or melamine plastic signs as layers of black with
engraved white letters at least 1/2 inch high.
3. Locate nameplate where easily visible.
3.6 CONTROL CONNECTIONS
A. Install control and electrical power wiring to field-mounted control devices.
3.7 STARTUP SERVICE

A.  Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.
PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS Tetra Tech
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2. Inspect for visible damage to unit casing.
3. Inspect for visible damage to furnace combustion chamber.
4. Inspect for visible damage to compressor, coils, and fans.
5. Inspect internal insulation.
6. Verify that labels are clearly visible.
7. Verify that clearances have been provided for servicing.
8. Verify that controls are connected and operable.
9. Verify that filters are installed.
10.  Clean condenser coil and inspect for construction debris.
11.  Clean furnace flue and inspect for construction debris.
12.  Connect and purge gas line.
13.  Remove packing from vibration isolators.
14.  Inspect operation of barometric relief dampers.
15.  Verify lubrication on fan and motor bearings.
16. Inspect fan-wheel rotation for movement in correct direction without vibration and
binding.
17.  Adjust fan belts to proper alignment and tension.
18.  Start unit according to manufacturer's written instructions.
a. Start refrigeration system.
b. Do not operate below recommended low-ambient temperature.
C. Complete startup sheets and attach copy with Contractor's startup report.
19. Inspect and record performance of interlocks and protective devices; verify sequences.
20.  Operate unit for an initial period as recommended or required by manufacturer.
21.  Perform the following operations for both minimum and maximum firing. Adjust burner
for peak efficiency:
a. Measure gas pressure on manifold.
b. Inspect operation of power vents.
c. Measure combustion-air temperature at inlet to combustion chamber.
d. Measure flue-gas temperature at furnace discharge.
e. Perform flue-gas analysis. Measure and record flue-gas carbon dioxide and oxygen
concentration.
f. Measure supply-air temperature and volume when burner is at maximum firing
rate and when burner is off. Calculate useful heat to supply air.
22.  Calibrate thermostats.
23.  Adjust and inspect high-temperature limits.
24.  Inspect outdoor-air dampers for proper stroke and interlock with return-air dampers.
25.  Start refrigeration system and measure and record the following when ambient is a
minimum of 15 deg F above return-air temperature:
a. Coil leaving-air, dry- and wet-bulb temperatures.
b. Coil entering-air, dry- and wet-bulb temperatures.
C. Outdoor-air, dry-bulb temperature.
d. Outdoor-air-coil, discharge-air, dry-bulb temperature.
26. Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and
normal and emergency shutdown.
27. Measure and record the following minimum and maximum airflows. Plot fan volumes on
fan curve.
a. Supply-air volume.
b. Return-air volume.
C. Relief-air volume.
d. Outdoor-air intake volume.
28.  Simulate maximum cooling demand and inspect the following:
Tetra Tech PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS
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a. Compressor refrigerant suction and hot-gas pressures.
b. Short circuiting of air through condenser coil or from condenser fans to outdoor-air
intake.

29. Verify operation of remote panel including pilot-light operation and failure modes.
Inspect the following:

High-temperature limit on gas-fired heat exchanger.

Low-temperature safety operation.

Filter high-pressure differential alarm.

Economizer to minimum outdoor-air changeover.

Relief-air fan operation.
f. Smoke and firestat alarms.

30. After startup and performance testing and prior to Substantial Completion, replace
existing filters with new filters.

Po0 o

3.8 ADJUSTING
A.  Adjust damper linkages for proper damper operation.

B.  Comply with requirements in Section 23 05 93 "Testing, Adjusting, and Balancing for HVAC"
for air-handling system testing, adjusting, and balancing.

C.  Occupancy Adjustments: When requested within 12 months from date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.

3.9 CLEANING

A.  After completing system installation and testing, adjusting, and balancing RTUs and air-
distribution systems, clean RTUs internally to remove foreign material and construction dirt and
dust. Clean fan wheels, cabinets, dampers, coils, and filter housings, and install new, clean
filters.

3.10 FIELD QUALITY CONTROL
A.  Testing Agency: Engage a qualified testing agency to perform tests and inspections.
B.  Perform tests and inspections with the assistance of a factory-authorized service representative

C.  Testsand Inspections:

1. After installing RTUs and after electrical circuitry has been energized, test units for
compliance with requirements.

2. Inspect for and remove shipping bolts, blocks, and tie-down straps.

3. Operational Test: After electrical circuitry has been energized, start units to confirm
proper motor rotation and unit operation.

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

D.  RTU will be considered defective if it does not pass tests and inspections.

PACKAGED, SMALL-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS Tetra Tech
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E. Prepare test and inspection reports.

3.11 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain RTUs.

END OF SECTION
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